Abstract: Gamma irradiation effects on track properties of Polyallyl Diglycol Carbonate (PADC) track detector (PADC-American Acrylics) are studied in the dose range of 10 1 -10 6 Gy. It is observed that due to gamma exposure the bulk and track-etch rates of the detector increases. This increase in both etchrates is more pronounced in post gamma exposed PADC detectors. The etchrate ratio (S) for both pre and post-gamma exposed detectors decreases with increasing etching temperature at the dose of 10 6 Gy. At a higher etching temperature of 70°C, the etch rates ratio becomes almost equal for post gamma exposed detector. Etching efficiency of the detector is found to be much higher when exposed to gamma radiation. However it is observed that at the etching temperature of 70°C, etching efficiency for both pre and post-gamma exposed samples tends to become almost equal to the pristine one.
Introduction
Studies on Solid State Nuclear Track Detectors (SSNTDs) are becoming very popular in recent years because of the wide applications these detectors have in the fields of science and technology. [1] [2] [3] [4] [5] [6] The applications of these detectors are dependent on the type of external radiation they are exposed to, and it is now an established fact that properties of track detectors are modified to different extents depending on the type of radiations they are exposed to. SSNTDs are greatly influenced by gamma radiation and in this regard a lot of work on various track detectors has been reported by several authors. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] It has been mostly observed that etch-rates increases upon gamma exposure. This increase in etch rates is attributed to scissioning of the molecular chains of the track detectors, which reduces their average molecular weight. For example, we have earlier reported that for PADC detectors, 10 the scissioning of polyallyl chains with diethyleneglycol takes place at the dose of 10 6 Gy. However it has been observed that most of the work on gamma effect on track detectors is restricted to limited gamma doses. In this particular work, effect of gamma dose as high as 10 6 Gy has been studied. The change in track properties like etch-rates, etching efficiency, etch-rate ratio etc. of the detector are studied at different etching temperature. Further the results are compared for both pre and post-gamma exposed detectors.
Experimental
The PADC detector used in this study is PADC-American Acrylics manufactured by American Acrylics, USA. The thickness of this detector is around 650 µm. For this study, two sets of samples of sizes 2 x 2 cm 2 (seven numbers for each set) of PADC detectors were prepared from the commercially available sheets. One set of samples was first exposed at normal incidence to alpha and fission fragments from a 252 Cf source (having a half-life of 2.65 years and activities 5.7 X10 3 fission/minute and 1.84 X 10 5 alpha particles/minute). The pre-exposed samples along with the unexposed second set of samples were then irradiated with various doses of gamma radiation in the dose range of 10 1 to 10 6 Gy. The exposure was made from a 60 Co gamma source having a dose rate of 3 kGy/h. Subsequent to the gamma exposure, the second set was exposed to the 252 Cf source for alpha and fission fragment detection. The first and the second sets are referred to as the post-gamma and pregamma sets respectively, in this study. After the fission fragments, alpha and gamma exposure, the detectors were etched in 6N NaOH solution at four different temperatures i.e., 
Results and Discussion
The bulk and track-etch rates (V G & V T ) for both pre and post gamma exposed PADC detectors are given in Tables 1-4 . It is observed that for both cases, etch-rates increase due to gamma exposure and this increase starts at a dose higher than 10 4 Gy. For example an increase of around 22 fold and 26.42 fold takes place in both V G and V T for pre-gamma exposed detector and also an increase of 23.28 fold and 26.51 fold takes place in V G and V T for post-gamma exposed detectors when etched at 55 0 C. Since the etch-rate generally increases due to scissioning of the molecular chain, it may be possible that scissioning of the molecular chain starts at a dose of 10 4 Gy. The possible route for gamma-induced scission of PADC chain is by the cleavage of polyallyl linkage with diethylene glycol, as has been reported earlier. 10 With increasing gamma dose, the intensity of chain scissioning phenomena probably increases. Interestingly it is observed that at the dose of 10 6 Gy, the post-gamma irradiated detectors have almost the same etch-rate values as pre-gamma irradiated detectors, which is not the case for other types of PADC detectors we studied earlier. Gy. At an etching temperature of 55 0 C, a increase of approximately 20% and 14% in etchrates for both pre-gamma and post-gamma exposed detectors respectively are observed at the highest dose. But at higher etching temperature like 60 0 C, 65 0 C or 70 0 C, the etch-rate ratio is found to decrease with increasing etching temperature. For example for pre-gamma exposed detectors, the etch-rate is found to be 20.12%, 17.68%, 18.46%, 6.83% respectively at etching temperature of 55 0 C, 60 0 C, 65 0 C and 70 0 C and for post-gamma exposed detectors the etch-rate ratio is found to be 13.6%, 8.84%, 6.15% and 3.10% respectively at the highest dose. These results indicate that even though the etch-rate increases due to gamma exposure, the etching temperature has significant effect on the etch-rate ratio. The gradual decrease in the etch-rate ratio with increasing etching temperature at the highest dose indicates that at higher temperature, the rate of attack of the solvent along the surface is very fast as compared to the attack along the track. The etching efficiencies (%) of the detectors for both pre and post gamma exposed detectors are given in Figure 1 and Figure 2 . It is observed that with increasing gamma dose, the etching efficiency increases at the highest dose. At all etching temperatures it is observed that with increasing gamma dose, there is a slight increase in etching efficiency initially followed by decrease and finally a significant increase at the highest dose of 10 6 Gy. However it is worth observing that there is a tendency that the etching efficiency values (%) become almost equal at the dose of 10 6
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Gy when etched at 70 0 C. This observation indicates that there is a likelihood that at the dose of 10 6 Gy, the etching temperatures probably lose their significance. 
Conclusions
On the basis of the present study, it is concluded that: 1. Due to gamma exposure, both the bulk and track-etch rates of PADC-American Acrylics increases and the increase is visible above the dose of 10 4 Gy. 2. For both pre and post gamma exposed detectors, the etch rates increases at the higher doses. 3. At the highest dose of gamma radiation, i.e., at 10 6 Gy radiation, etch-rate ratio (S) values for the detectors are found to increase. 4. With increasing etching temperature, the etch-rate ratio is found to decrease. The gradual decrease in the etch-rate ratio with increasing etching temperature at the highest does indicates that at the higher temperature, the rate of attack of the solvent along the surface is very fast as compared to the attack along the track.
5. The etching efficiencies (%) of the detectors reveal that with increasing gamma dose, the efficiency increases at the higher doses.
